INTRODUCTION
Cost considerations are nowadays critical in the engineering field. We know how tiny the liberty of action and decision for companies is. We also know how to evaluate the costs engagement during a project. During the conceptual design stage, the decisions we make engage a lot of money for the following stages of the future. This is the stage where most of the choices that imply a cost are made. However, it is also the stage where changing the decisions is the cheapest. When a company has to bring modifications on the design while in the industrialisation stage, it is very costly because all the design process has to be done again.
Therefore it is necessary to bring to designers as much information as possible so that they can take the accurate decisions. In this context, letting designers to have in the very first stages of design a tool to evaluate the costs can be very attractive. It can prevent an inaccurate design that would go to the industrialisation department, which would send it back to designers because it is too expensive to manufacture.
We will then try to define a tool that could handle these tasks.
To evaluate the manufacturing costs, it seems obvious that we need to know exactly what processes will be used to manufacture the part. However, in the conceptual design stage, we have no idea of what the processes will be. The aim of this chapter is to show how we can define a conceptual process design in the very first stages of a project.
Link between Conceptual Design and Conceptual Process Planning
Conceptual design refers to a stage in the design procedure. This stage is the one where designers define rough part characteristics based on the part requirements. Information such as the material, the general part shape and main geometrical data is provided during this stage. However, data are still rough and do not allow to define extensively the manufacturing processes.
Conceptual process design is a first estimation of what the process plan could be. Manufacturing operations are not very detailed but it allows engineers to have an idea of processes and attached resources. These data make a first cost evaluation possible. These results will allow designers to adapt their decisions regarding the costs, which is something they can not do for the time being. Now the problem remains how to define the conceptual process plan from the conceptual design. Figure 1 shows how the two stages can be performed simultaneously.
After this stage, the project will continue with a detailed design stage. The interest in the method is to start the detailed design stage with a validated conceptual design. This will prevent the detailed design stage to be done several times.
Shaw C. Feng proposed a method to generate the Conceptual Process Planning from the Conceptual Design data. Three main steps can be found in this method. All of them are critical in the cost evaluation process.
Manufacturing processes selection [2]
This activity can be divided in four activities. Its aim is to select processes that are compatible with the data we have obtained from the Conceptual Design stage. The different activities are the following: -Determine compatible processes based on materials -Determine compatible processes based on quantity -Determine compatible processes based on product shape -Determine compatible processes based on tolerances.
For this selection process, we will consider as potential processes the total range of processes. Then the material will prevent some of these processes. So the outcome will be a narrowed range of compatible processes. For example, we know we will not propose to forge a plastic part. Thanks to these four steps in a row, we will come out with a reduced range of processes that will be proposed for the Conceptual Process Plan.
Once these compatible processes are selected, we could rank them in terms of relative cost and finally let the user choose those he will consider for the upcoming stages.
Requirement Function

Functional Design
Behavioral Specification Processes are now considered known. If we want to evaluate the induced cost, we also need to determine what will be the used resources: type of machines, toolings, tool, fixtures, labour skills.
Conceptual Design
Process
Manufacturing cost estimation
Once the manufacturing processes and the manufacturing resources have been selected, we have the information to evaluate the cost. We have to keep in mind that this calculated cost will be a rough evaluation. The purpose is not to determine the actual manufacturing cost but to assess manufacturability and cost in the early design stage. For this estimation stage, we propose another method than Shaw C. Feng's one. This method will be developed in part 3.
COST ESTIMATION
Cost evaluation methods
There are several methods that exist for calculating costs. Table 1 presents the main techniques. Accordingly with this table, in the conceptual design stage, the best methods to apply are analogical or parametric. Indeed, we do not have much information on the product yet and an analytical method would be inappropriate. However, these methods might give too rough estimation to allow the designer checking the validity of the product he has started to design. These methods may not help the designer very much in his tasks.
Therefore, we will adapt an analytical method to the conceptual design stage. As we have already shown above, we can determine what processes and what resources can be used. This means that from the Conceptual Design stage, we have deduced some information usually provided in the detailed design stage. Yet, the information is still not accurate enough to allow an usual analytical method. 
Adapted cost entity method
The cost entity method was created by H'Mida [4] in the context of a PhD at ENSAM Metz. It is an evolution of the well-known ABC method. These methods are analytical methods. The cost entity method separates the company in several activities. To each activity corresponds a cost entity. Figure 2 represents how this cost entity is defined. Each cost entity is calculated by using equation 1. We can note that there is homogeneity between all the activities which is one of the advantages of the method. All activities can be considered identically in terms of cost contribution form. To adapt this method to conceptual design, we will simplify the formula by selecting one driver and one linked coefficient for the whole cost entity. The coefficient can be a property of a machine or a material for example. As these coefficients may be difficult to evaluate, the company may use old cost estimations to determine them. Then the used formula reduces to the following equation :
Cost entity ( ) = Driver ( type) x Imputation rate ( / type) + fixed cost ( ) Roughly speaking, this method results in using the structure of a cost entity model with a parametric method. However here the parametric method is not applied to the part but to the cost entity.
Considered cost entities
To represent all the costs we will consider in our evaluation, we use a taxonomy. This representation details what are the components of the Part Cost Entity and what they are composed of. This drawing is presented in figure 3 .
This scheme shows that we consider both direct costs and indirect costs with the same importance. Thanks to this cost entity, we will be able to evaluate the overall cost of the product while we are just in the conceptual design stage.
The table 2 shows examples of cost entities expressions. Yet the table is not exhaustive and some additional research has to be done to determine every cost entity expression. 
SYSTEM IMPLEMENTATION
If we can go through the two stages we have shown so far, we would be able to evaluate with a good accuracy the cost part in the early design stage. These two stages are the conceptual process planning and the cost entity model calculation.
However, these steps are difficult steps to go through. In this chapter, we will show how an expert system can help with the process implementation.
Ontology and taxonomy
Before implementing the estimation process with an expert system, we have to structure the information. This can be made thanks to an ontology and a taxonomy.
The ontology is used to represent the vocabulary linked to part manufacturing field. It contains object classes such as Tools or people or concepts such as Costs. It also contains the different attributes that can be added to these classes (description, size, velocity …) and the relations between objects (a Machining Operation can be linked to a Machine by the relation "is made by"). To structure it, we will use a taxonomy. This graphic representation exposes clearly the hierarchy and class instances.
Application to conceptual process planning
The data we will deal with in conceptual process planning can be classified in three main categories. First will be data related to the entity (general information on the product), then data related to the processes and finally data related to the resources.
A detailed version of the "Operation" branch is presented on figure 4. We will not develop here the other branches because it will not be of a great importance in the presentation. This hierarchy is taken from Marty and Linares work upon manufacturing processes [5] .
Thus, while selecting the processes thanks to the previously viewed method, we will look for processes among these. We consider it is not necessary to continue with a finest description of processes ("Drilling" can be "Short drilling" or "Deep drilling" for example) because we will not have the information to satisfy such a level of detail. Besides, the described precision will be accurate enough to have a general view upon manufacturing costs. 
Expert system development
To implement the system, we chose to use the "C Language Integrated Production System" (CLIPS) [6] . This system was created by the NASA. CLIPS provides a complete environment for the construction of rule and/or object based expert systems.
So by entering all these rules in the expert system, we will be able to select what are the compatible processes. Afterwards the user will be asked for the one he wants to use and we will then know the process and will be able to evaluate the cost.
CONCLUSION
We presented in this paper how we can evaluate parts costs from the early design stage. This activity would be very attractive for manufacturers and may make companies save time and money.
This evaluation process implies a conceptual process planning. We have described how we can link conceptual design to conceptual process planning.
However, the implemented program deals only with the processes selection. The program is not achieved as resources selection and cost calculation are lacking. Nevertheless the theory has been shown.
We have also described the method we may apply to calculate the costs. This method would allow considering the global package of costs that could be linked to the part manufacturing. It means not only direct and manufacturing costs are taken into account but also indirect costs such as handling. However, this method needs to have a high number of coefficients and a good knowledge of costs is necessary to allow these coefficients calculation.
